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Simple Summary: Genetic factors play a key role in athletes’ success; therefore, the interest for the
study of the genetic profile contributing the most to extraordinary results in sport has been increasing.
The aim of this study was to evaluate the impact of genetic determinants in the athletic performance
of the world’s top best rink-hockey players. According to our results, elite rink-hockey players
carrying the Fatty Acid Amide Hydrolase (FAAH) rs324420 A allele (AA or AC genotype) are three
times more likely to be super athletes, which could be attributed to a higher pain tolerance and better
stress coping, which may be useful for training and competition strategies. Despite the promising
results, as this is a pioneer study, additional studies are needed for further validation of our results in
rink-hockey and other sport modalities.

Abstract: Genetic factors are among the major contributors to athletic performance. Although more
than 150 genetic variants have been correlated with elite athlete status, genetic foundations of
competition-facilitating behavior influencing elite performances are still scarce. This is the first study
designed to examine the distribution of genetic determinants in the athletic performance of elite
rink-hockey players. A total of 116 of the world’s top best rink-hockey players (28.2 ± 8.7 years old;
more than 50% are cumulatively from the best four world teams and the best five Portuguese teams),
who participated at the elite level in the National Rink-Hockey Championship in Portugal, were
evaluated in anthropometric indicators/measurements, training conditions, sport experience and
sport injuries history. Seven genetic polymorphisms were analyzed. Polymorphism genotyping was
performed using the TaqMan® Allelic Discrimination Methodology. Rink-hockey players demon-
strated significantly different characteristics according to sex, namely anthropometrics, training
habits, sports injuries and genetic variants, such as Vitamin D Receptor (VDR) rs731236 (p < 0.05).
The Fatty Acid Amide Hydrolase (FAAH) rs324420 A allele was significantly associated with improved
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athletic performance (AA/AC vs. CC, OR = 2.80; 95% Cl, 1.23–6.35; p = 0.014; p = 0.008 after Bootstrap)
and confirmed as an independent predictor among elite rink-hockey players (adjusted OR = 2.88;
95% Cl, 1.06–7.80; p = 0.038). Our results open an interesting link from FAAH-related biology to
athletic performance.

Keywords: elite athlete; rink-hockey; gene; polymorphism; sport; performance; success

1. Introduction

Elite athletes are thought to have an exceptional genetic potential [1] with incredible
interindividual variability of physical performance traits (i.e., power, strength, endurance,
muscle fiber composition and size, neuromuscular coordination and flexibility), personality
profile [2], VO2 max (maximum oxygen consumption) and injury susceptibility [3].

According to Silva and coworkers [4], genetic factors play a key role in athletic success
as they optimize gifted athletes’ achievements in comparison with less talented athletes.
Additionally, the athletes’ training regime is also determinant in athletic accomplishments,
i.e., the more intense the training, the better the results.

Remarkably, similar elite athletes in terms of physical characteristics can have distinct
performance, with only few developing high-level performance abilities, making elite
performance rare [4]. In fact, the decisive factor of outstanding performances is based on
the athlete’s ability to perform not only optimal physical abilities but also emotional and
mental competences [5].

The physical performance of athletes has been linked to more than 200 genetic variants,
among which 155 correlate with elite athlete status [2]. In opposition, genetic foundations of
competition-facilitating behavior and low stress response that influence elite performances
are still scarce [4–7]. Additional investigation involving elite athletes is crucial to improve
training and competition environments and provide more holistic treatment and recovery
methods, especially in sports with a high risk of injury, as is the case of rink-hockey [8].

Rink-hockey is a high-intensity intermittent sport with noncontinuous movements at
different speed levels and incomplete recovery periods [9,10]. Its effective playing time is
50 min, divided over two periods of 25 min (in categories of seniors, under 23 and under
19) [11], requiring regular endurance training to build tolerance for strenuous exercise and
aerobic and anaerobic metabolisms (high-energy phosphate and glycolysis), as well as
improving cardiovascular and musculoskeletal systems [9]. Furthermore, rink-hockey daily
practice promotes morphological adaptations in the muscle spindle, which induce plastic
changes in the central nervous system, decreasing the latency of the stretch reflex response
and increasing its amplitude [12]. In particular, the player’s repetitive movements induce
repetitive afferent inputs from the mechanoreceptors that over time promote plastic changes
in the cortex [13], improving neuro-muscular efficiency, which is positively correlated with
the sport competition level achieved [12].

In addition to these physical demands, this invasion game also requires a variety
of mental abilities [14], particularly optimal decisions making, especially in the stressful
last 15 min, when direct free hits, penalty shots and other one-against-one/two and three
situations are decisive for the game final score.

Furthermore, given the high risk of potential injuries, mental abilities in the setting of
rink-hockey are also required in order to cope with injuries and build pain tolerance [8,15].
In addition, rink-hockey goalkeepers are being increasingly considered of tremendous
importance for teams’ decisive points, who should also be insightful in reading the game
and resilience [16].

Therefore, psychological qualities such as planning skills in line with the game strategy,
stress coping, anxiety management, resilience and avoiding impulsivity are determinant
in athletic performance training and competition to achieve success [5]. Unfortunately,
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despite being a quite popular sport worldwide, there are few published studies on rink-
hockey [15,17], among which very few are on genetics [4,18].

Previous studies have shown that genetic determinants among Angiotensin-I-Converting
Enzyme (ACE), Actinin Alpha 3 (ACTN3), Angiotensinogen (AGT), NFE2-like BZIP Transcrip-
tion Factor 2 (NRF-2), PPARG Coactivator 1 Alpha (PGC1A), Peroxisome Proliferator-Activated
Receptor Gamma (PPARG) and Transcription Factor A, Mitochondrial (TFAM) genes are asso-
ciated with sport-type (for instance endurance versus power) [2,5]. However, results are
conflicted, and few genetic variants are linked to psychological traits and sport injuries [4]
in relation to elite sport performance. Therefore, the present study aims to analyze genetic
variants in genes coding for proteins potentially modulating the functioning of the brain’s
center of emotions, located at the hypothalamic–pituitary–adrenal axis, especially those
highly associated with the limbic system and their physiological pathways to adequately
control a stress response [5]. For instance, the Fatty Acid Amide Hydrolase (FAAH) rs324420
is a polymorphism thought to play roles in neural functions and has been previously
found to be associated with athletic performance in shaping anxiety-like behavior and
affecting leadership and persistence [5,6]. To provide more insights into the topic, this
study was designed to examine the impact of some of these genetic markers in a sample of
elite rink-hockey players, particularly constituted by athletes competing in the Portuguese
national championship (one of the world’s most competitive leagues, with the national
team being the current world champion) [19], and test for any evidence of association with
athletic performance.

2. Materials and Methods
2.1. Participants

Rink-hockey players who participated at the elite level (i.e., competing at any national
team or other high-level representative teams in any sport organized by a National Sports
Federation) [20], in the National Rink-Hockey Championship in Portugal during the sport
seasons of 2019/2020, 2020/2021 and 2021/2022, were recruited to this study (n = 116).
These athletes are the world’s top best rink-hockey players, as more than 85% of them
are cumulatively from the best four world teams and the best five Portuguese teams, as
recently published [21].

The participants were selected considering the following inclusion criteria: (1) being a
minimum national-level athlete with an age equal or greater than 18 years old; (2) being an
experienced competitor at the national level (i.e., a representative cohort of the world elite
athletes competing in Portugal); and (3) having already reached a higher competitive level
(i.e., international competitions, such as World, European or Continental Championships).

The athletes included in the study had rink-hockey experience for 23.3 ± 8.8 years
and at the time of recruitment they were undergoing training programs of 5 to 6 days per
week with an average of 2.4 ± 0.9 h per day, with a total of 13.8 ± 6.3 h/week. Additional
characteristics of the participants are described in Table 1.

Table 1. Elite rink-hockey players’ characteristics (n = 116, 18 females and 98 males).

Characteristics Female (n = 18) Male (n = 98) Total (n = 116) p

Age (years) * 25.3 ± 7.9 28.8 ± 8.7 28.2 ± 8.7 0.117

Body mass (kg) * 67.4 ± 8.7 82.8 ± 10.5 79.0 ± 12.0 0.000

Height (m) * 1.73 ± 0.1 1.85 ± 0.1 1.82 ± 0.1 0.000

BMI (kg/m2) * 22.7 ± 2.6 24.3 ± 2.1 24.0 ± 2.2 0.005

WHR * 0.82 ± 0.06 0.88 ± 0.11 0.87 ± 0.11 0.015

Hand length (cm) * 22.3 ± 2.6 23.5 ± 2.0 23.3 ± 2.1 0.029

Training experience (years) * 19.4 ± 8.6 24.0 ± 8.7 23.3 ± 8.8 0.039
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Table 1. Cont.

Characteristics Female (n = 18) Male (n = 98) Total (n = 116) p

Training frequency *
days/week 4.6 ± 0.8 5.9 ± 0.8 5.7 ± 0.9 0.000
hours/day 2.4 ± 0.9 2.4 ± 0.9 2.4 ± 0.9 0.041

hours/week 11.4 ± 6.5 14.3 ± 6.2 13.8 ± 6.3 0.000

Participations in regional and national teams * 26.44 ± 13.16 42.38 ± 37.78 39.9 ± 35.5 0.080

Sport injury
No 17 (94.4) 51 (52.0) 68 (58.6)

0.002Yes 1 (5.6) 47 (48.0) 48 (41.4)

Nationality
Portuguese 18 (100) 78 (79.6) 96 (82.8)

0.113Others – 20 (20.4) 20 (17.2)

Ethnicity
Caucasian 17 (94.4) 96 (98.0) 113 (97.4)

0.956Others 1 (5.6) 3 (3.0) 3 (2.6)

Profession
Athletes – 45 (45.9) 45 (38.8)

<0.001

Student 10 (55.6) 25 (25.5) 35 (30.2)
Teacher 2 (11.1) 11 (11.2) 13 (11.2)

Physical therapist 2 (11.1) – 2 (1.7)
Sport coordinator – 1 (1.0) 1 (0.9)

Coach – 1 (1.0) 1 (0.9)
Podiatrist 1 (5.6) – 1 (0.9)

Other 3 (16.7) 15 (15.3) 18 (15.5)

* Data presented as mean ± standard deviation. BMI: body mass index, CI: confidence interval, OR: odds ratio,
WHR: waist circumference/hip circumference ratio. Bold values represent significant results (p < 0.05).

All athletes gave their informed consent to take part in this study and it was approved
by the Ethical Committee of the University Fernando Pessoa (Porto, Portugal, Reference:
CEUFP05062017).

2.2. Procedures

Data regarding anthropometric indicators/measurements, training conditions, sport
experience and sport injuries history was collected using questionnaires personally admin-
istered to each participant before the training session by the same trained researcher.

2.2.1. Anthropometric Profile

Body mass was measured by a digital scale (SECA-872, Hamburg, Germany) to the
nearest 0.01 kg wearing T-shirt and gym shorts before training. Height was determined with
a portable stadiometer (SECA-213, Hamburg, Germany) to the nearest 0.1 cm. Procedures
were conducted as recommended by the International Society for the Advancement of
Kinanthropometry [22]. Body mass index (BMI) was calculated as a ratio of weight to the
squared height (kg/m2). Hand length was assessed with a flexible tape from the marked
mid-stylion line to the most distal point of the third digit with the hand in a supinated
position and fingers extended. The waist circumference (WC) was measured with a flexible
tape at the end of a normal expiration at the smallest circumference between the thorax
and the hips. The hip circumference (HC) was measured with a flexible tape at the largest
circumference on trochanters and waist/hip ratio (WHR) was calculated.

2.2.2. Training Data, Sport Experience and Sport Injuries History

Several parameters were obtained, namely the number of training sessions per week
and the number of hours of training sessions per day, which were further used to calculate
the number of hours of training per week. Sport experience included the athlete’s partici-
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pations in regional and national teams, as well as national and international achievements.
The elite athletic performance or success was defined according to the total number of
national and international titles of the players. Based on tertiles, athletes were categorized
as super athletes, i.e., if they had more than 11 titles (the highest tertile). Sport injury history
was also collected (including the year of occurrence, anatomical part and time of recovery
from first severe sport injury) [15].

2.2.3. Sample Collection and DNA Extraction

Genomic deoxyribonucleic acid (DNA) was extracted from buccal cells samples of
both sides (left and right) using sterile swabs (FL Medical, Hamburg, Germany), as previ-
ously described [23], through the use of the commercial kit QIAamp DNA Blood Mini Kit,
Qiagen. Concentration and purity of DNA samples were assessed spectrophotometrically
(NanoDrop Lite spectrophotometer, Thermo Scientific®, Waltham, MA, USA). DNA sam-
ples with a concentration equal to or higher than 4 ng/µL and with a purity (A260/A280)
ranging between 1.70–2.00 were used for polymorphism genotyping.

2.2.4. Polymorphism Selection and Genotyping

Recently, our research group conducted a review concerning all genetic factors associ-
ated with athletic performance across different sport modalities [4]. From the list of these
factors (88 genetic variants), based on their previous association with athletic performance
in a Caucasian population (endurance, power and/or sport injuries), the polymorphism
minor allele frequency (MAF) in Iberian population (MAF should be higher than 10%
to ensure genotype representation), their functional consequence, existence of validation
studies and availability of TaqMan® assays (Applied Biosystems), seven genetic polymor-
phisms were selected to be evaluated in our cohort of elite rink-hockey players (Table 2).
Genotyping was performed in a Real-Time Polymerase Chain Reaction (RT-PCR) system
(Applied Biosystems) using the TaqMan® Allelic Discrimination methodology. All RT-PCR
reactions were conducted in 6 µL volumes containing 2.5 µL of TaqManTM Genotyping
Master Mix (2×), 2.375 µL of sterile water, 0.125 µL of 40× assay mix and lastly 1 µL of
genomic DNA. Amplification conditions were the following: 95 ◦C for 10 min, followed by
45 cycles of 95 ◦C for 15 s and 60 ◦C for 1 min. Data capture and analysis were conducted on
a Real-Time PCR System (Applied Biosystems) as described elsewhere [24]. To guarantee
genotyping quality, two negative controls were included in each reaction, and double
sampling was conducted in at least 10% of the samples randomly chosen, with an accuracy
above 99%. The results were individually evaluated by two researchers with no previous
knowledge regarding the athletes’ performance.

Table 2. Selected polymorphisms’ description and TaqMan® assays used.

Genetic Variant Functional Consequence Gene Encode Protein and Its Functions TaqMan® Assays ID

Nerve plasticity and other neural functions: C___1897306_10
rs324420 Missense FAAH Fatty Acid Amide Hydrolase

Energy metabolism and circadian rhythm:
rs8192678 Missense PPARGC1A PPARG Coactivator 1 Alpha C___1643192_20

rs2016520 5 prime UTR PPARD Peroxisome Proliferator Activated
Receptor Delta C___8851952_30

rs1801282 Missense PPARG Peroxisome Proliferator Activated
Receptor Gamma C___1129864_10

rs731236 Synonymous VDR Vitamin D Receptor C___2404008_10
Catecholaminergic system:
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Table 2. Cont.

Genetic Variant Functional Consequence Gene Encode Protein and Its Functions TaqMan® Assays ID

rs1042713 Missense ADRB2 Adrenoceptor Beta 2 C___2084764_20

Neurotransmission, antimicrobial and
antitumoral activities:

rs1799983 Missense NOS3 Nitric Oxide Synthase 3 C___3219460_20

The functional consequence of each polymorphism was defined according to Ensembl database [25]. The functions
of encoded proteins were described based on GeneCards database [26] and UniProt database [27].

2.2.5. Statistical Analysis

Statistical analysis was performed using SPSS software version 26.0 (SPSS, Inc., Chicago,
IL, USA). Continuous data were expressed as mean ± standard deviation (SD), while cat-
egorical data were described in terms of frequencies. Some variables categories were
defined based on median of variable values, namely: age (≥26 yrs. vs. <26 yrs.), WC/HC
(≥0.85 vs. <0.85), hand length (≥23 cm vs. <23 cm) and time of recovery from first severe
sport injury (≥10 months vs. <10 months). Associations between the genetic polymor-
phisms and athlete characteristics were assessed using student’s t-test for continuous
variables, while chi-square test (χ2) or Fisher’s exact test were used for categorical ones. Us-
ing a binomial regression model, univariate analyses were conducted to identify predictors
of elite athletic performance. Only the polymorphisms and other variables significantly
associated with this trait in univariate analyses were further investigated in multivari-
ate analysis to identify independent predictors. Bootstrapping analyses were performed
through Monte Carlo simulation (1000 replications). Statistical significance was established
at the p < 0.05.

3. Results
3.1. Characteristics of Elite Rink-Hockey Players

As expected, male rink-hockey players showed significantly higher anthropometric
characteristics (body mass, height, BMI, WHR and hand length) than their female coun-
terparts, who were mostly students (55.6%, Table 1). Since 45.9% of male athletes were
professional rink-hockey players, they were also more experienced and submitted to a more
intensive training program than their female counterparts (p < 0.05, Table 1) and suffered
more sport injuries (p = 0.002, Table 1).

3.2. Genotype Frequencies in Elite Female and Male Rink-Hockey Players

The genotypes’ distribution of each polymorphism in female and male rink-hockey
players is shown in Table 3. To be noted, the distribution of Vitamin D Receptor (VDR)
rs731236 genotypes differed significantly between female and male athletes (p = 0.019) with
the AG genotype being more prevalent among females (72.2% vs. 36.7%) and the AA and
GG genotypes in males (45.9% vs. 22.2%, and 17.3% vs. 5.6%, respectively). Additionally,
Peroxisome Proliferator Activated Receptor Delta (PPARD) rs2016520 CC, Peroxisome Proliferator
Activated Receptor Gamma (PPARG) rs1801282 GG and the Nitric Oxide Synthase 3 (NOS3)
rs1799983 TT genotypes were absent among females. These results are most likely attributed
to the reduced number of female athletes.

Table 3. Genotype frequencies of the selected genetic polymorphisms in elite rink-hockey players
(n = 116, 18 females and 98 males).

Genotype Frequencies Female (n = 18) Male (n = 98) Total (n = 116) p

FAAH rs324420
AA 1 (5.6) 3 (3.1) 4 (3.4)

0.789AC 6 (33.3) 28 (28.6) 34 (29.3)
CC 11 (61.1) 67 (68.4) 78 (67.2)
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Table 3. Cont.

Genotype Frequencies Female (n = 18) Male (n = 98) Total (n = 116) p

PPARGC1A rs8192678
TT 2 (11.1) 17 (17.3) 19 (16.4)

0.705CT 9 (50.0) 51 (52.0) 60 (51.7)
CC 7 (38.9) 30 (30.6) 37 (31.9)

PPARD rs2016520
CC 0 (0.0) 5 (5.1) 5 (4.3)

0.395CT 7 (38.9) 32 (32.7) 39 (33.6)
TT 11 (61.1)) 61 (62.2) 72 (62.1)

PPARG rs1801282
GG 0 (0.0) 4 (4.1) 4 (3.4)

0.494CG 3 (16.7) 14 (14.3) 17 (14.7)
CC 15 (83.3) 80 (81.6) 95 (81.9)

VDR rs731236
GG 1 (5.6) 17 (17.3) 18 (15.5)

0.019AG 13 (72.2) 36 (36.7) 49 (42.2)
AA 4 (22.2) 45(45.9) 49 (42.2)

ADRB2 rs1042713
AA 3 (16.7) 15 (15.3) 18 (15.5)

0.989AG 8 (44.4) 44 (44.9) 52 (44.8)
GG 7 (38.9) 39 (39.8) 46 (39.7)

NOS3 rs1799983
TT 0 (0.0) 14 (14.3) 14 (12.1)

0.212GT 11 (61.1) 47 (48.0) 58 (50.0)
GG 7 (38.9) 37 (37.8) 44 (37.9)

Bold values represent the significant results (p < 0.05).

3.3. Univariate and Multivariate Analysis of FAAH rs324420 and Relevant Factors of Elite
Performance in Rink-Hockey

According to univariate analysis, among the seven genetic polymorphisms, FAAH
rs324420 was the only one significantly associated with athletic performance (AA/AC
vs. CC; OR = 2.80; 95% Cl, 1.23–6.35; p = 0.014) (p = 0.008 after Bootstrapping analyses
were performed through Monte Carlo simulation for 1000 replications). This effect was
corroborated by multivariate analysis using a model with the factors age, sex, BMI, WC/HC,
hand length, existence of severe sport injury and time of recovery from first sport injury
(AA/AC vs. CC; adjusted OR = 2.88; 95% Cl, 1.06–7.80; p = 0.038; Table 4).

Table 4. Multivariate analysis using binomial regression on the athletic performance considering
FAAH rs324420 and relevant factors.

Characteristics OR 95% CI p

FAAH rs324420
2.88 1.06–7.80 0.038(AA/AC vs. CC 1)

Age *
9.74 3.09–30.74 0.065(≥26 yrs. vs. <26 yrs. 1)

Sex
2.48 0.50–12.30 0.265(male vs. female 1)

BMI
0.58 0.19–1.80 0.349(≥25 kg/m2 vs. <25 kg/m2 1)

WHR *
0.83 0.30–2.28 0.721(≥0.85 vs. <0.85 1)
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Table 4. Cont.

Characteristics OR 95% CI p

Hand length *
0.35 0.12–1.02 0.054(≥23 cm vs. <23 cm 1)

Sport injury
3.71 1.21–11.31 0.021(Yes vs. no 1)

Recovery from first sport injury *
0.64 0.15–2.73 0.541(≥10 months vs. <10 months 1)

1 Reference group. * Variable categories were defined based on median of variable values. BMI: body mass index,
CI confidence interval, OR odds ratio, WHR: waist circumference/hip circumference ratio. Bold values represent
the significant results (p < 0.05).

In this model, FAAH rs324420 and the existence of severe sport injury presented as
independent predictors of elite athletic performance. According to the results, the rs324420
A allele seems to impose a benefit effect among elite athletes, as the carriers are three times
more likely to be super athletes than those with CC genotype. As for the impact of severe
sport injury (yes vs. no; adjusted OR = 3.71; 95% Cl, 1.21–11.31; p = 0.021; Table 4), it might
be due to the high demands of athletic performance at this elite level.

4. Discussion

Most variants in genes coding for components of the cardiovascular, respiratory and
musculoskeletal systems are thought to be associated with the elite athlete phenotype [2],
but the input of genes coding for biochemical and structural elements of the brain regions
associated with psychological traits have been less studied [5]. The aim of the present
study was to examine the distribution of variants of genes with a potential role in nerve
plasticity, neurotransmission, circadian rhythm, energy metabolism and antimicrobial and
antitumoral activities in a sample of elite rink-hockey players and test for any evidence of
association with elite athletic performance.

Our study group is unique as it comprises a high proportion of top, elite rink-hockey
players, including those who achieved medals in the last World Championship.

In this study, as expected, significant differences between female and male athletes
were observed, which can be explained by biological and professional-related factors.
Inclusively, almost half of the male players were professional, whereas it was not the case
for any female participant. As such, male athletes trained and competed more than their
female counterparts, reporting also a higher incidence of sport-related injuries.

To the best of our knowledge, this is the first study evaluating the impact of genetic
determinants in the athletic performance of elite rink-hockey players, as previous studies
were mostly conducted on ice and field-hockey and at high school and college levels.
Briefly, a study conducted with nine Spanish rink-hockey players with tendinopathy
and five controls (rink-hockey players without tendinopathy) found that carrying one or
more alleles A in Gap Junction Alpha 1 (GJA1) rs11154027 (OR = 2.11; 95% CI, 1.07–4.19,
p = 1.01 × 10−6) or G allele in Vesicle Amine Transport 1-Like (VAT1L) rs4362400 (OR = 1.98;
95% CI, 1.05–3.73, p = 9.6 × 10−6) was associated with a higher risk of tendinopathy [18].
On the other hand, carrying one or more A alleles in Contactin-Associated Protein-Like 2
(CTNP2) rs10263021 had a protective role (OR = 0.42; 95% CI, 0.20–0.91, p = 4.5 × 10−6).
Sessa et al. [28] suggested a natural sports selection of an Italian group of athletes practicing
intermittent sports (football, basketball and hockey players) whose frequency of Glu298Asp
allele in NOS3 rs1799983 affecting the blood pressure response to endurance training
was higher compared with controls. A case-control study with Italian male and female
elite athletes of basketball, soccer and hockey found that the polymorphism 5HTTLPR SS
genotype of the Solute Carrier Family 6 Member 4 (SLC6A4) was associated with neuroticism
(p < 0.001) and adverse sport-related stress, namely tension/anxiety symptoms (p < 0.02),
cognitive anxiety and emotional arousal control (p < 0.01) [7]. However, these two latter
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studies do not clearly indicate whether they included rink-hockey players (prevalent by
sport and/or sex).

In fact, the little existing genetic research is mostly related to the other two disciplines
of hockey (ice and field-hockey) and has been conducted in relation to sport performance
(in ice-hockey [29–32] and in field-hockey [33]) and brain trauma in ice-hockey [34,35].

Even though it is consensual, the impact of sports injuries and/or traumas on the
athlete’s physical and mental health and performance is devasting. The literature con-
cerning the interaction between genetic and environmental factors and sports injuries is
limited [36–39].

According to the study results, the incidence of severe sport injuries and FAAH
rs324420 polymorphism are independent predictors of the athletic performance among
our elite rink-hockey players, which may be due to significant differences according to the
athletes’ sex and training frequency, as recently reported by Silva et al. [4]. As for rs324420,
this missense SNP lies within FAAH, a gene encoding a protein (fatty acid amide hydrolase)
reported as a promising target for the discovery of drugs to treat pain, inflammation and
other pathologies [40], which is of great interest for athletic performance, in particular in
a high-intensity and invasion sport as rink-hockey. This protein is a serine hydrolase en-
gaged in the endocannabinoid metabolism, which degrades N-Arachidonoyl ethanolamide
(Anandamide, AEA), a metabolite responsible for the activation of the cannabinoid type 1
receptor (CB1). Under stress exposure conditions (Figure 1), the protein FAAH is mobilized
to degrade the AEA, therefore increasing the neuronal excitability in the amygdala, a key
anxiety-mediating region of the brain [5]. In opposition, the inhibition of FAAH decreases
anxiety-like behavior [41] and may produce an antidepressant effect mediated by CB1
receptor stimulation [42]. Previously, the rs324420 A allele was associated with a lower
expression of FAAH levels [41]; in the population of the Iberian and African peninsula,
it has a percentage of 16% and 37%, respectively [43]. Specifically, although the resultant
protein displays normal catalytic properties, it shows an increased sensitivity to proteolytic
degradation and shorter half-life, which explains the protein’ lower levels [5] (Figure 1).
The SNP A allele might, therefore, be linked to a quicker habituation of amygdala reactivity
to threat, decreased anxiety-like behavior, and increased fear extinction learning. This is of
utmost importance for athletes to better cope with the personality trait of stress reactivity,
deal more quickly with unpredictable situations and improve their motivation for sport
competition [6,41,44]. This evidence is in line with our results, since the carriers of A allele
(AA or AC genotype) were shown to be three times more likely to be super athletes than
their counterparts (athletes with CC genotype), adjusted for other relevant factors (AA/AC
vs. CC; adjusted OR = 2.88; 95% Cl, 1.06–7.80; p = 0.038).

In a previous report, Peplonska et al. [6] found that the polymorphism AA genotype
is more common among sedentary controls than elite athletes (p = 0.0084), which led them
to conclude that this genotype could have a negative impact on athletic performance.
Similar findings were observed later [5]. In the study, which was conducted with 183
athletes of power, 212 of endurance sports and 451 controls, the authors observed that the
SNP AA genotype was underrepresented in both power (in recessive model: OR = 0.36,
95% CI = 0.15–0.86, p = 0.017) and endurance athletes (in recessive model: OR = 0.42, 95%
CI = 0.20–0.90, p = 0.022) compared with controls. In addition, this effect on athletic status
was even more evident when the two groups of athletes were analyzed jointly (in recessive
model: OR = 0.40, 95% CI = 0.22–0.72, p = 0.002), suggesting a negative impact on athletic
performance [5].
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Figure 1. Endocannabinoid system as regulator of stress response. Under normal circumstances
(A), the endocannabinoid system suppresses the release of the neurotransmitter glutamate via AEA,
modulating the synaptic function. However, acute stress (B) can trigger a mechanism mediated
by CRH and its receptor CRHR1, which is known to increase FAAH activity in the basolateral
amygdala. As a result, there is a decrease in AEA levels, which is no longer able to suppress glutamate
release. Consequently, increased neural excitability in the basolateral amygdala promotes anxiety-
like behavior (adapted by Lutz et al.) [41]. CB1R: cannabinoid type 1 receptor; Gq: family G
protein; mGluR5: metabotropic glutamate receptor 5; AEA: N-arachidonoylethanolamine; 2-AG:
2-arachidonoyl glycerol; DAGLα: diacylglycerol lipase-α; PTP1B: protein tyrosine phosphatase
1B; FAAH: fatty acid amide hydrolase; NMDAR: NMDA receptor; LMO4: LIM domain only 4; CRH:
corticotropin-releasing hormone; CRHR1: corticotropin-releasing hormone receptor 1.

Here, we hypothesized that such conflict results compared with ours might be at-
tributed to the underrepresentation of AA genotype among elite athletes compared with
sedentary controls, as our results suggest a benefit effect of the A allele in elite rink-hockey
players when only elite athletes are considered. Additionally, rs324420 might play different
roles depending on sport requirements, which needs to be further explored. Furthermore,
although significant sex differences among our athletes were not observed for rs324420
genotype frequencies as previously described, it has been shown that estrogens modify
emotional behavior through the dysregulation of the FAAH enzyme, thus causing an in-
crease in the signaling of the endocannabinoid system, consequently decreasing anxiety
in women [42]. Therefore, further studies would be needed to confirm this hypothesis in
female athletes.

Overall, the observed effect of FAAH rs324420 is of utmost importance for future
research in elite sport, since the mechanism of action of FAAH through the endocannabinoid
system [45], applied to pain regulation and inflammation control, might improve mental
and physical health and performance among elite athletes who face stressful environments
daily [41].

As for the other six polymorphisms, no significant association was detected, despite
the existence of some evidence linking these genetic variants to athletic performance [46].
Briefly, PPARD (implicated in fatty acid oxidation, cholesterol metabolism and thermogene-
sis) rs2016520 CC, PPARGC1A (involved in mitochondrial biogenesis, fatty acid oxidation,
glucose utilization, thermogenesis, angiogenesis and muscle fiber type conversion toward
slow-twitch type I fibers) rs8192678 TT genotype and rs8192678 G allele were associated
with improved endurance performance (p < 0.01) [35,46–49]. The PPARG (implicated in
adipocyte differentiation, glucose homeostasis and regulation of cardiovascular circadian
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rhythms) [50] rs1801282 CG genotype has been associated with decreased receptor ac-
tivity and improved insulin sensitivity [51]. Regarding the VDR rs731236 variant, given
the importance of vitamins in bone turnover, the polymorphism was associated with
stress fractures (p < 0.05), with the GG genotype linked to higher multiple stress frac-
tures when compared with their counterparts (p = 0.01) in a sample of 518 elite athletes
(mean age 24.2 ± 5.5 years) of football, cricket, track and field, running events, rowing,
boxing, tennis and others and controls [52]. The Adrenoceptor Beta 2 (ADRB2) (involved in
the catecholamine system) rs1042713 A allele was associated with lower protein density
(Beta-2 adrenoceptor), resting cardiac output and endurance performance [53]. On the
other hand, the rs1042713 G allele was associated with sprint performance in elite youth
football players [54]. As for NOS3 (linked to several biological mechanisms, including
angiogenesis) [50] rs1799983 polymorphism, this variant was previously associated with
right ventricular structure and nitric oxide bioavailability in athletes’ cardiac adaptation.
Its influence in the right ventricular structure was studied in elite water polo players,
rowers, kayakers, canoeists and swimmers [53]. Although not significantly associated with
sport performance, athletes carrying the rs1799983 T allele demonstrated increased right
ventricular mass index (32 ± 6 g vs. 27 ± 6 g, p < 0.01) and larger right ventricular stroke
volume index (71 ± 10 mL vs. 64 ± 10 mL, p < 0.01) compared with their counterparts [55].

Nevertheless, our findings concerning these polymorphisms need to be further vali-
dated given these previous results.

In terms of study limitations, the sample collection was highly affected by restrictions
imposed by the coronavirus pandemic. The same condition also hampered the collection
and analysis of some important factors, including for instance the percentage of adipose
tissue and/or muscle mass, which can affect athletic performance.

Even so, the recognition of the study relevance by the study participants helped to
minimize access constraints. Nevertheless, the participation rate is very representative of
the elite in rink-hockey worldwide.

5. Conclusions

Elite rink-hockey players carrying the FAAH rs324420 A allele were three times more
likely to be high-performance/super athletes, which could be attributed to a higher pain
tolerance and better stress coping.

This is also of utmost importance for coaches, who can individually plan and adapt
the athlete’s technical and tactical training and competition, keeping in mind the athlete’s
specific ability to make decisions and support pain. Moreover, other sport professionals
(e.g., medical doctors, physiotherapists, nutritionists and psychologists) should be aware
of FAAH rs324420 and its associated consequences for the athlete’s increased resistance to
pain and inflammation and time for injury recovery.

Despite the promising results, as this is a pioneer study, additional studies are needed
for further validation of our results in rink-hockey and other sport modalities.

Furthermore, as few studies were conducted to access the role of FAAH rs324420,
functional studies are also needed to better characterize this polymorphism and understand
its impact on athletic performance. Given its thought biological impact, the role of this
polymorphism should be explored in the setting of sport injuries among rink-hockey
players, including type and frequency of injuries and recovery time.
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5. Peplonska, B.; Safranow, K.; Adamczyk, J.; Boguszewski, D.; Szymański, K.; Soltyszewski, I.; Barczak, A.; Siewierski, M.; PLoSki, R.;

Sozanski, H.; et al. Association of serotoninergic pathway gene variants with elite athletic status in the Polish population. J. Sports
Sci. 2019, 37, 1655–1662. [CrossRef] [PubMed]

6. Peplonska, B.; Adamczyk, J.G.; Siewierski, M.; Safranow, K.; Maruszak, A.; Sozanski, H.; Gajewski, A.K.; Zekanowski, C. Genetic
variants associated with physical and mental characteristics of the elite athletes in the Polish population. Scand. J. Med. Sci. Sports
2017, 27, 788–800. [CrossRef] [PubMed]

7. Petito, A.; Altamura, M.; Iuso, S.; Padalino, F.A.; Sessa, F.; D’Andrea, G.; Margaglione, M.; Bellomo, A. The Relationship
between Personality Traits, the 5HTT Polymorphisms, and the Occurrence of Anxiety and Depressive Symptoms in Elite Athletes.
PLoS ONE 2016, 11, e0156601. [CrossRef]

8. Vitale, J.A.; Castellini, G.; Gianola, S.; Banfi, G. Analysis of the Christiania stop in roller hockey players with and without previous
groin pain: A prespective case series study. Sports Sci. Health 2019, 15, 641–646. [CrossRef]

9. Yagüe, P.; Del Valle, M.E.; Egocheaga, J.; Linnamo, V.; Fernández, A. The competitive demands of elite male rink hockey. Biol. Sport
2013, 30, 195–199. [CrossRef]

10. Calò, C.M.; Sanna, S.; Piras, I.S.; Pavan, P.; Vona, G. Body composition of Italian female hockey players. Biol. Sport 2009, 26, 23–31.
[CrossRef]

11. World Skate. Available online: http://www.worldskate.org/rink-hockey/about/regulations.html (accessed on 13 April 2022).
12. Han, J.; Waddington, G.; Anson, J.; Adams, R. Level of competitive success achieved by elite athletes and multi-joint proprioceptive

ability. J. Sci. Med. Sport 2015, 18, 77–81. [CrossRef]
13. Venâncio, J.; Lopes, D.; Lourenço, J.; Ribeiro, F. Knee joint position sense of roller hockey players: A comparative study.

Sports Biomech. 2016, 15, 162–168. [CrossRef] [PubMed]
14. Cece, V.; Guillet-Descas, E.; Brenas, M.; Martinent, G. The role of dispositional emotion regulation strategies on the longitudinal

emotional process and subjective performance during a competitive season. Eur. J. Sport Sci. 2021, 21, 1448–1458. [CrossRef]
[PubMed]

15. Silva, M.G.; Silva, H.H. Comparison of body composition and nutrients’ deficiencies between Portuguese rink-hockey players.
Eur. J. Pediatr. 2017, 176, 41–50. [CrossRef] [PubMed]

16. Trabal, G.; Daza, G.; Riera, J. Goalkeeper Effectiveness in the Direct Free Hit of Rink Hockey. Apunts Educ. Fis. Deportes 2020, 139,
56–64. [CrossRef]

17. Ferraz, A.; Valente-Dos-Santos, J.; Sarmento, H.; Duarte-Mendes, P.; Travassos, B. A Review of Players’ Characterization and
Game Performance on Male Rink-Hockey. Int. J. Environ. Res. Public Health 2020, 17, 4259. [CrossRef]

18. Rodas, G.; Osaba, L.; Arteta, D.; Pruna, R.; Fernández, D.; Lucia, A. Genomic Prediction of Tendinopathy Risk in Elite Team
Sports. Int. J. Sports Physiol. Perform. 2020, 15, 489–495. [CrossRef]

19. World Skate. Available online: http://www.worldskate.org/rink-hockey/news-rink-hockey/3159-wrg2019-rink-hockey-
portugal-and-spain-are-the-world-champion-in-male-and-female-rink-hockey.html (accessed on 13 April 2022).

http://doi.org/10.1159/000445240
http://www.ncbi.nlm.nih.gov/pubmed/27287076
http://doi.org/10.1080/17461391.2015.1023222
http://www.ncbi.nlm.nih.gov/pubmed/25800134
http://doi.org/10.23736/S0022-4707.21.12020-1
http://www.ncbi.nlm.nih.gov/pubmed/33666074
http://doi.org/10.1080/02640414.2019.1583156
http://www.ncbi.nlm.nih.gov/pubmed/30836829
http://doi.org/10.1111/sms.12687
http://www.ncbi.nlm.nih.gov/pubmed/27140937
http://doi.org/10.1371/journal.pone.0156601
http://doi.org/10.1007/s11332-019-00565-x
http://doi.org/10.5604/20831862.1059211
http://doi.org/10.5604/20831862.890172
http://www.worldskate.org/rink-hockey/about/regulations.html
http://doi.org/10.1016/j.jsams.2013.11.013
http://doi.org/10.1080/14763141.2016.1159323
http://www.ncbi.nlm.nih.gov/pubmed/27111126
http://doi.org/10.1080/17461391.2020.1862304
http://www.ncbi.nlm.nih.gov/pubmed/33295854
http://doi.org/10.1007/s00431-016-2803-x
http://www.ncbi.nlm.nih.gov/pubmed/27837349
http://doi.org/10.5672/apunts.2014-0983.es.(2020/1).139.08
http://doi.org/10.3390/ijerph17124259
http://doi.org/10.1123/ijspp.2019-0431
http://www.worldskate.org/rink-hockey/news-rink-hockey/3159-wrg2019-rink-hockey-portugal-and-spain-are-the-world-champion-in-male-and-female-rink-hockey.html
http://www.worldskate.org/rink-hockey/news-rink-hockey/3159-wrg2019-rink-hockey-portugal-and-spain-are-the-world-champion-in-male-and-female-rink-hockey.html


Biology 2022, 11, 1076 13 of 14

20. Bouchard, C.; Shephard, S. Physical activity, fitness, and health: The model and key concepts. In Physical Activity, Fitness and
Health International Proceedings and Consensus Statement; Bouchard, C., Shephard, R., Stephens, T., Eds.; Human Kinetics Publishers:
Champaign, IL, USA, 1993; pp. 11–23.

21. Rink-hockey.net. Available online: http://rinkhockey.net/index.php (accessed on 2 May 2022).
22. Marfell-Jones, M. International Standards for Anthropometric Assessment; ISAK: Potchefsroom, South Africa, 2006.
23. Küchler, E.C.; Tannure, P.N.; Falagan-Lotsch, P.; Lopes, T.S.; Granjeiro, J.M.; Amorim, L.M. Buccal cells DNA extraction to obtain

high quality human genomic DNA suitable for polymorphism genotyping by PCR-RFLP and Real-Time PCR. J. Appl. Oral Sci.
2012, 20, 467–471. [CrossRef]

24. Assis, J.; Pereira, D.; Gomes, M.; Marques, D.; Marques, I.; Nogueira, A.; Catarino, R.; Medeiros, R. Influence of CYP3A4 genotypes
in the outcome of serous ovarian cancer patients treated with first-line chemotherapy: Implication of a CYP3A4 activity profile.
Int. J. Clin. Exp. Med. 2013, 1, 552–561.

25. Ensembl Database. Available online: https://www.ensembl.org/index.html (accessed on 5 May 2022).
26. GeneCards Database. Available online: https://www.genecards.org/ (accessed on 5 May 2022).
27. UniProt Database. Available online: https://www.uniprot.org/ (accessed on 7 May 2022).
28. Sessa, F.; Chetta, M.; Petito, A.; Franzetti, M.; Bafunno, V.; Pisanelli, D.; Sarno, M.; Iuso, S.; Margaglione, M. Gene polymorphisms

and sport attitude in Italian athletes. Genet. Test. Mol. Biomark. 2011, 15, 285–290. [CrossRef]
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